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Determination of erans-Octadecenoic Acids,
Esters, and Alcohols in Mixtures

Infrared Spectrophotometric Method

0. D. SHREVE anND M. R. HEETHER, Philadelphia Laboratory, E. I. du Pont de Nemours & Company, Inc.,
Philadelphia 46, Pa., AND H.B.KNIGHT AND DANIEL SWERN, Eastern Regional Research Laboratory, Philadelphia 18, Pa.

An infrared spectrophotometric method, based on
differences in absorption at 10.36 microns, is de-
scribed for determination of trans-octadecenoic
acids, esters (including glycerides), and alcohols in
the presence of the corresponding cis and saturated
compounds. Extinction coefficients at 10.36 microns
are reported for seventeen pure cis and trans mono-
unsaturated and saturated acids,esters,and alcohols.
The method is rapid, accurate, and directly appli-
cable to determination of trans jsomers in acid, ester,
or alcohol mixtures. Only small samples are re-
quired, and they can be recovered. The authors

THE two methods now employed for determining trans com-
ponents in acid or ester mixtures are not based on any unique
characteristic of trans compounds, but either on the preferential
insolubility of lead (1, 22, 30) or other salts (5, 8, 9, 16, 27, 29) of
trans acids in organic solvents, or on the difference between the
equilibrium constants of cis and trans acids in their reaction with
jodine in carbon tetrachloride solution (4, 21). These chemical
methods are generally laborious and time-consuming, they re-
quire large quantities of sample, and they are of doubtful relia-
bility in many applications (25). The authors know of no previ-
ously reported method for determination of trans alcohols in mix-
tures.

Published infrared absorption spectra (17, 19) for pure elaidic
(trans-g-octadecenoic), petroselaidic (trans-6-octadecenoic), and
vaccenic (trans-ll-octadecenoic) acid, methyl elaidate and petros-
elaidate, elaidyl alcohol (trans-9-octadecenol), and trielaidin

know of no other method for determination of trans
alcohols or for direct determination of trans esters
in mixtures, although approximate and time-con-
suming chemical methods are available for the acids.
The accuracy and precision of the method are in-
dicated from analyses of nineteen synthetic mixtures
of known composition. The infrared method is
suggested as a valuable tool to investigators conduct-
ing research on oxidation, isomerization, polymeri-
zation, composition, and hydrogenation of fats and
their components and derivatives, and on the prepa-
ration of pure unsaturated acids and esters.

show a strong absorption maximum at 10.36 microns, which is
absent in the corresponding cis and saturated compounds. No
marked differences exist, however, between corresponding trans,
cis, and saturated compounds in other regions of the infrared spec-
trum.

Although several groups of workers have reported that olefins
with an internal unsubstituted double bond (R,——CH=CH—-—R4)
have an absorption band at about 10.36 microns (7, 11, 13,14, 28),
Rasmussen, Brattain, and Zucco (18) were apparently the first to
point out that this absorption is due to trans configuration of this
group. Absorption at this wave length has since been employed
for both the qualitative and quantitative analyses of a variety of
materials (2, 3, 10, 11, 14, 15), but not for the quantitative
determination of trans-octadecenoic acids, esters, and alcohols in
mixtures. An infrared spectrophotometric method based on the
difference at 10.36 microns has been developed by the authors for
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MixTURES CONTAINING cis- AND trans-OCTADECENOIC AND
SATURATED COMPONENTS.

trans component, weight % = 100 (Feop k; f"}: = k2) (3)

where the & values are as defined above; Y is the total weight
fraction of octadecenoic components (cis plus trans), and Z is the
weight fraction of saturated components. Y is calculated from

the jodine value of the mixture and Z is obtained by difference.

In practical applications to unknown mixtures, the cis- and
trans-octadecenoic fractions may each consist of one or more com-
pounds in which the exact position of the double bond is unknown.
Also the relative proportions of long-chain saturated compounds
in the saturated fraction are often unknown. Therefore, the
following facts, evident from the data of Table I, are fortunate.

Shifting the double bond from the A’ to the ASposition in either
the cis- or trans-octadecenoic acids produces only a small change
in extinction coefficient. The same holds for the trans-methyl
esters, and therefore might be expected to hold for the cis-methyl
esters, and the cis- and trans-glycerides and alcohols. Further-
more, it seems safe to assume that an eguivalent shift in the op-
posite direction to A!?or to an intermediate position would like-
wise produce little change. (The effect, of more drastic shifts re-
mains to be investigated.)

The extinction coefficients for the various cis-octadecenoic and
saturated acids studied are all approximately the same. This
relation also holds for the cis and saturated glycerides and alco-
hols and to a somewhat lesser degree for the cis and saturated
methyl esters. )

Table II. Analyses of Synthetic Mixtures for trans
Component

trans Component Found, %

Composition of Mixture, %%

. Differ-
ME MO MS 1 2 Av. ence
66.91 33.09 0 66.52 66.81 66.66 -0.25
49.03 50.97 0 49.52 49.10 49.31 0.28
3.12 96.63 0 3.20 3.38 3.29 0.17
26.12 23.87 50.01 25.47 25.68 25.58 —0.54
9.96 16.16 73.88 9.67 9.15 9.41 —0.55
3.17 15.00 81.83 3.42 3.28 3.35 0.18
EA OA SA
67.48 32.52 0 67.11 67.52 67.32 —-0.16
18.10 81.90 0 17.59 18.40 18.00 —-0.10
10.41 89.59 0 10.52 11.11 10.82 0.41
3.31 96.69 0 0 3.80 65 0.34
65.17 20.11 14.72 66.21 65.77 65.99 0.82
39.44 32.28 28.28 38.33 38.61 38.47 -0.97
10.32 7.07 82.61 10.51 10.73 10.63 0.31
4.44 20.30 75.30 3.73 3.92 3.83 —0.61
EAL OAL SAL
65.87 34.13 0 65.72 65.84 65.78 -0.09
50.13 49.87 0 22 49.98 50.10 —0.03
19.95 80.05 o 20.00 19.85 19.92 —0.03
19.48 39.22 41.30 19.07 19.41 19.24 —0.24
.99 51.14 45.87 3.00 3.11 3.05 0.06

& ME = methyl elaidate; MO = methyl oleate; MS = methyl stearate;
EA = elaidic acid; OA = oleic acid; SA = saturated acids; EAL =
elaidyl alcohol; OAL = oleyl alcohol; SAL = stearyl alcohol.

In unknown acid mixtures that contain no octadecenoic acids
Jutside the -AS to Al? range, the total percentage of trans acids
sresent can be calculated with acceptable accuracy by using the
average k value of the two trans acids from Table I for kr, that of
the two cis acids for k., and that of the two saturated acids for k,
in the appropriate formula above. Results on unknown methyl
ester, glyceride, or alcohol mixtures may be similarly calculated by
using appropriate average or single values in Table I. In view of
the above statement, determination of jodine number in a trans-
cis-saturated mixture (of either of the four types) can be elimi-
nated if desired, and results calculated from the following simpli-
fied formula: :

100 (kov — Kav.)

trans component, weight % = T p
— Rav,

where kr is the appropriate average or single k value for trans
compounds and kav. is the average k value for both cis and satu-
rated compounds.

For given selected values of k&, and k., Formulas 3 and 4 will
yield identical results (expressed as per cent trans, to the nearest
0.01%) when ¥ = Z = 0.5—that is, when total per cent octadec-
enoic components equal total per cent saturated components.
As Y departs from 0.5 in either direction, the absolute error en-
tailed by use of Formula 4 increases. In the most unfavorable
cases likely to be encountered in analyzing acid mixtures (¥ =
0.03 or Y = 0.97), this error is about 0.5% when the average
value for the two trans acids is used for kr, that of the two cis acids
for ke, that of the two saturated acids for ks, and that of the lat-
ter for kav. In most cases, the error will be much less. ’

RESULTS

Table II gives the percentage of trans component obtained on
nineteen known synthetic mixtures of pure compounds. The re-
sults show that in general the infrared method has a satisfactory
degree of precision and accuracy. The best oleic acid from the
chemical identity standpoint is that obtained from olive oil (6).
Oleic acid obtained from animal fat sources (12, 24, 26) contains
varying amounts of trans isomers (4 to 45%), depending on the
starting material and the preparative process employed (25).
This is probably not disadvantageous for many technical appli-
cations, but it suggests that these oleic acids should not be used
when chemical homogeneity is important.

GENERAL COMMENTS

Because of the present state of infrared spectrophotometry, ex-

tinetion coefficients reported in this paper cannot be employed di-

rectly by other workers. Variations in such factors as scattered
radiation, wave-length calibration, slit-width settings, and ac-
curacy of cell-thickness measurements make it necessary to de-
termine the required extinction coefficients on the instrument be-
ing used under the exact conditions to be employed in the analy-
sis. It may be unnecessary, however, to determine the extinction
coefficients of all the compounds reported in Table I—for exam-
ple, from redeterminations of one trans and one cis or saturated
compound, in conjunction with relative values calculated from
those in Table I, it should be possible to calculate sufficiently ac-
curate values for the remaining compounds.
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